I DO not conceal from myself that in opening this debate I am undertaking a task of quite exceptional difficulty. I have to set out to you such new points in connexion with vaccine therapy as may seem to me to deserve attention. I have to attempt to take the measure of the achievements of this new therapeutic method. I have to discuss its limitations. And, above all, I desire to suggest to you in connexion with all these subject-matters certain canons of criticism.
Before I embark upon these tasks I may perhaps with advantage consider for a moment the rationale of vaccine therapy. The fundamental principle of vaccine therapy, as I conceive of it, is to exploit in the interest of the infected tissues the unexercised immunizing capacities of the uninfected tissues. Let me illustrate my meaning. I will take the case of a localized infection. We have here a condition in which the invading microbes are holding their own or getting the upper hand, and our object must be to turn the tables upon them. For this purpose we inoculate into some other part of the body microbes, which are similar to those which the patient has to combat. Such inoculation is not, however, as the unthoughtful immediately assumed, a mere replica of the original infection. There are two points of difference. First, the v-1 '2 Wright: Vaccine Therapy microbes in the vaccine have been devitalized, so that their multiplication is impossible; secondly, the dose of vaccine is so regulated that the organism of the patient must inevitably win at the site of inoculation. Now a victory such as this is won by the elaboration of antibacterial substances, and these are generated in such a case on a scale which is more than adequate to bring about a destruction of the bacterial elements which have been incorporated. The surplus of specific antibacterial substances which have thus been elaborated will now find its way by the channel of the blood to the focus of infection. There it will bring aid to the defensive forces of the organism which before were ineffectually combating the invading microbes. The victory which the uninfected tissues have won over the inicrobes of the vaccine will in this way lead up to a victory of the infected tissues over the microbes they have to combat.
A therapeutic method which proceeds on this new-found principle must, of course, make new demands. It will be well to realize what they are.
The medical man who has recourse to vaccine therapy ought to have a familiar acquaintance with the microbes which affect the human body. He ought to appreciate the fact that vaccines owe their efficacy to the reaction they set up in the tissues, and not to any action exerted directly by the vaccine upon the invading microbe. He ought to have mastered the general principles of immunization. He ought to know in connexion with each vaccine the mninimum effective dose-i.e., the dose which gives the minimum immunizing reaction without any intervening negative phase-and the medium, or average, dose-i.e., the dose that gives, after a negative phase, a more powerful immunizing reaction. He ought to know the general conditions which affect the sensibility of the organism. He ought to understand how to adjust the dose to the requirements of the individual patient. And he ought to have a knowledge of the conditions which obtain in the focus of infection, and of the methods of circumventing the difficulties which are introduced by these conditions.
If vaccine therapy demands all this of the medical man, it is clear that the discussion of vaccine therapy must inevitably lead on to the opening up of the question as to whether the medical practitioner must of necessity be a bacteriologist.
If, in the course of this discussion, it becomes clear that vaccine therapy is more effective than any other method of treating bacterial disease, and if it is conceded that it holds out in very many cases the Royal Society of Medicine 3 only real prospect of advantage to the patient, such concession will in reality be tantamount to a declaration that applied bacteriology is the essential and indispensable part of medicine, and that the practice of medicine must be reorganized upon that basis.
If, on the contrary, the conclusion is arrived at that vaccine therapy has, as compared with other methods, only a limited utility and a limited application, this will be tantamount to a declaration that the reorganization of medicine on the basis of bacteriology may still a little longer be postponed. Such reorganization, of course, becomes inevitable as soon as an effective application of bacteriology has been made.
Inasmuch as these are, if I understand the matter aright, the real issues which lie behind this debate, I think it will not be unprofitable if, before dealing specifically with vaccine therapy, I pass in rapid review the recent history of medicine and of its relations to bacteriology.
As one looks back on the history of medicine, and recognizes that the successive applications of bacteriology stand out as great landmarks, one often wonders that medicine was not long ago swept along irresistibly into the channel of bacteriology. One wonders, for instance, in connexion with the advent of antiseptic surgery why this triumphantly successful application of bacteriology was not immediately followed up by a serious attempt on the part of our profession to study and turn to account this new science. Perhaps it was that the science of bacteriology was then quite in its infancy, and perhaps that the thoughts of our profession were here too engrossed in experimentation with different antiseptics. But the dominant factor in the situation was, I feel sure, the fact that antiseptic procedures could be successfully carried out without any knowledge of bacteriology. Seeing that the action of antiseptics is exerted upon all microbes without distinction of kind, the study of bacteriology appeared to the surgeon to be merely a work of supererogation.
When, following in his wake, the physician embarked upon the treatment of bacterial diseases by antiseptics, his thought followed upon the same road. He saw in antiseptics therapeutic agents which would be effective indiscriminately against all microbes, and seeing this, he, like the surgeon, held himself absolved from any study of bacteriology.
In the meanwhile the science was advancing with giant strides. One by one the pathogenetic microbes with which we are now acquainted were discovered and their role in connexion with the production of disease was elucidated. At the same time methods for identifying and making cultivations of each of these species of microbes were gradually elaborated.' Then followed the discovery of agglutination, and with this the recognition of the possibility of diagnosing the nature of a bacterial infection by testing the properties of the blood fluids. After this came the discovery of the " deflection of complement test " and the discovery of the opsonic power of the blood, and with this another and much greater extension of the method of serum diagnosis. Finally came the recognition of the possibility of inducing auto-inoculation for diagnostic uses, and with this the serum tests which previously gave assistance only when spontaneous auto-inoculations were taking place became applicable also in connexion with strictly localized infections.
But the clinician has not yet been prevailed upon to reconsider his position. He still-in face of these discoveries-claims to be absolved from a study of bacteriology; and he is still bemused with the idea that the final appeal must always be to himself and to his methods of physical diagnosis.
Let me, in connexion with this fixed idea, invite you to consider the following points:
(1) There was undoubtedly a time when the verdict 6f the pure clinician on a question of a diagnosis was incontestable. That was when the disease could be recognized and identified only by its clinical symptoms. Diphtheria then meant a condition where a particular kind of false membrane appeared on the throat; typhoid fever, a fever where the temperature ran a particular course; and phthisis, a disease in which certain noises could be heard down a stethoscope. With the discovery of the specific causes of these diseases came a quietus to all this. Diphtheria now means an invasion of the throat by diphtheria bacilli; typhoid fever an invasion of the blood by the typhoid bacillus; and phthisis an invasion of the lungs by the tubercle bacillus. It is not, at this hour of the day, arguable that the verdict of a bacteriologist stands in need of confirmation from a clinician. In blunt language, "the boot is on the other foot."
Let me pass to a further point:
(2) While it must be conceded that clinical methods do furnish in many cases a bacteriological diagnosis, this is reached only by a process of inference, and the chain of inference is in this case made up of a series of open links. I should not have thought it necessary to emphasize this so obvious fact were it not that I was recently assured by a reputable clinician that it had never crossed his thought that dullness over the apex of the lung did not supply proof of tubercular infection.
And there is yet one further important point:
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(3) A diagnosis of the nature of a bacterial infection which is based upon the physical signs comes short not only in the respect that it can never be wholly trustworthy, but also in the respect that it must almost always be belated. For physical signs such as can be appreciated by clinical methods can, in the nature of things, be elicited only after comparatively gross physical damage has been done. I need not insist that bacteriological methods have from this point of view a great superiority. Pathogenetic microbes may, as you know, often be found in the secretions or the blood long before a diagnosis can be arrived at by clinical methods; and when methods of direct bacterial diagnosis give negative results, we can nearly always by inferential methodsby the opsonic index, or the agglutination test, or the deflection-ofcomplement test-arrive at the nature of the infection long before its clinical features have become distinctive.
While all this was, and is, uncongenial to the pure clinician, he did not fail to appreciate that there could be no question of ignoring bacteriological discoveries which were of fundamental importance for medicine. He was therefore face to face with the problem as to how to make provision for the carrying out of the necessary bacteriological tests and examinations. The proper way of confronting the situation would, of course, have been to look the future fairly and squarely in the face, and to enact that in the future no one should qualify as a medical man without some elementary knowledge of bacteriology, and that no one should proceed to any of the higher qualifications without a thorough training in this science.
If that course had been taken even a few years ago-and it has not yet been taken-the younger rank and file of the profession and the younger generation of clinical teachers would now be abreast of any work which might fall to them in connexion with vaccine therapy.
There was, however, one way of escape out of the situation. This was to delegate all bacteriological work in hospitals to a special bacteriological department, and in private practice to such public or private laboratories as might be disposed to undertake it. For a time-as in the case where the Merovingian Kings delegated all their functions to the Mayors of the Palace-everything smiled upon this arrangement. In particular the next great advance in bacterial therapeutics-I refer, of course, to the serum treatment of diphtheria-seemed to fit very harmoniously into this scheme. The medical man who had divested himself of all bacteriological work found here, to his joy, that it would be practicable for him to get his diagnosis from one bacteriological laboratory and his remedy from another, and that there would still remain for himself a dignified role as a middleman between the patient and the bacteriologist. Moreover, this role would, it was anticipated, continually grow in importance as serum therapy found new application in connexion with one acute disease after another. The medical man even dreamed dreams of polyvalent sera that would make everything in the nature of minute bacteriological diagnosis superfluous.
Upon this basis the march of bacteriological discovery seemed to promise advantage to the medical profession-advantage in the form of greater therapeutic success-and there would not be as counter-weight any added burden of unaccustomed labour.
The advent of vaccine therapy has disturbed this carefully thoughtout scheme, for it has brought home to us that bacteriological work is called for in connexion with nearly every case. And that is a fact which gives, as you will see, quite a new complexion to the proposal that the medical man should depute to others everything that relates to bacteriology. In point of fact we are here brought up against a very fundamental question-the question as to when, and under what circumstances and to what extent, the skilled work of a profession may legitimately be delegated. We may here confine ourselves to the case of the delegation of skilled work in connexion with our own profession.
It will prevent a confusion of issues if we at the outset discriminate between the case where a consultation is held over a patient and the case where a specimen is sent to a laboratory for report. In the former case the consultant is brought face to face with the patient and with the problem which is to be resolved. He is asked to undertake any examination which may seem to him required for the elucidation of the case, and to discuss the whole problem with the practitioner; and the consultant and practitioner can then, as fellow experts, consider exactly where and to what extent "functional errors "-concerning which I shall presently have something to say-may be affecting their several findings, and exactly how far these findings may be accepted as assured. And, finally, when, by such collaboration, a decision-has been arrived at, the responsibility for any action taken rests upon the shoulders of both.
In the case where a specimen is sent to a bacteriological laboratory for report, we have utterly different conditions. The bacteriologist is not brought face to face with the problem. Instead of being afforded an opportunity of obtaining his own specimen in the way that he judges best, or even an opportunity of suggesting the proper way of approach-ing the bacteriological investigation, he is tied down to the examination of such specimens as may be submitted to him. Again, the bacteriologist is generally very imperfectly informed with respect to the nature of the problem which is to be resolved. Moreover, when the written bacteriological report comes to hand the practitioner, who has not himself been a laboratory worker, will be quite unable to exercise any expert criticism upon it or to see where fallacies may come in. He will, in the ordinary case, assume that laboratory methods are not subject to fallacy and "functional error," and that the "Yes" of the laboratory means definitely " Yes," that the " No " of the laboratory means definitely " No," and that in the case of a laboratory result which is expressed in terms of figures, those figures must be an absolute mirror of reality. And even if it should so happen that the practitioner to whom the bacteriological report is sent has expert knowledge of laboratory work, he will, in default of personal knowledge of, and opportunity for questioning, the bacteriological worker, be quite unable to evaluate the "functional error," and to assign in accordance with this its proper value to the report.
Having discriminated the case of the consultation which is, as we have seen, really the case of collaboration in skilled work from the case where a specimen is referred to a laboratory for report, we have now to try to arrive at a considered decision upon the morality of that kind of delegation. Three different cases of delegation must be distinguished.
The first is the case of a man who, being himself skilled in the whole of the work which he undertakes, has part of it carried out by an assistant, satisfying himself that it has been done in the proper manner and accepting the responsibility for this. It is the case of the delegation of duties by the honorary physician or surgeon to the resident staff of the hospital, by the director of a laboratory to his staff, and by by the practitioner to the nurse.
The second is the case of a man who, when invited to undertake work which lies outside the range of his competence, hands over that work and the attaching responsibility to another who has the special kind of skill which is required. This is the ordinary case of a practitioner sending on a case to a specialist.
The third is the case of the man whose studies have not covered the whole of his professional work and who arranges to delegate to others that portion of the work which he has omitted to learn, while retaining for himself the responsibility for the whole, along with the higher scale of rewards which goes with that responsibility. You will, I think, recognize that this is the case of the medical man who, finding that bacteriological work is required for diagnosis and treatment, makes shift, without learning any bacteriology, to depute that work to others while retaining for himself the control of the case.
I have no doubt that you will adjudge the first of these forms of delegation to be both legitimate and necessary to the carrying out of work on any large scale; that you will commend the second while recognizing that it can only exceptionally be resorted to; and I believe that you will see that the third case is not very clearly distinguishable from the case of a layman who should undertake to treat a case on condition of his being permitted to consult by correspondence competent medical authority whenever he might see occasion for doing so.
When I suggest that these cases are comparable, I do so because I want to put this issue before you. If we, as a profession, deprecate treatment by the unqualified on the ground of the dangers which may attach to the treatment of grave cases by the ignorant, can we then refrain from condemning, as perilous to the patient, the treatment of grave bacterial infections by those who are ignorant of bacteriology ? And if we as a profession condemn consultation by correspondence on the ground that a trustworthy opinion cannot be based upon medical data which are* furnished by an ignorant patient, how then shall we refrain from condemning the system by which a mnedical man who is ignorant of bacteriology selects the bacteriological data upon which a diagnosis is to be based ? I confess that I rnyself can find only one answer to that question. But let me assume that the question as to whether this kind of delegation is legitimate is still doubtful. There is then still another way by which we may arrive at a decision. Every tree is known by its fruits. We may therefore inquire into the practical working of the system. I would point out here-for we must judge everywhere by one and the same standard-that if we deprecate the treatment of cases by the unqualified on the ground that such treatment may sometimes be perilous to the patient, and if we condemn consultation by correspondence on the ground that this system would often work badly, we must, on the same basis, condemn the system by which the bacteriologically uninstructed delegate bacteriological work to the laboratories if this system is occasionally perilous to the patient and if it often works to his disadvantage.
I suppose that no one who has any experience of the practical working of this system of delegation has any doubt on this point.
Every worker in such a laboratory could tell a tale of opportunities Royal Society of Medicine of diagnosis imissed, of misdirected searches, and of quite incredible solecisms committed by distinguished clinicians whose qualifications date back to pre-bacteriological days. It is probable that every worker in a clinical laboratory has frequently been sent blood in a capillary tube with a request that it should be examined microscopically with a view to the detection of pathogenetic microbes. Or he has been sent a specimen of desiccated blood in a capsule with a request to examine for the malaria parasite. Or he has been asked to report on the opsonic index of a charred specimen of blood-the opsonic index being, in the view of the sender, a function which does not stand in need of any further qualification, and a function which is indestructible by heat. Or he has been asked to find the malaria bacillus in a specimen of urine, or has been sent a twenty-four-hour specimen of urine from a case of septicsemia to make a vaccine for the treatment of the case. Or he has exhibited a preparation showing phagocytosis and has been asked by a high clinical authority to say which is the microbe and which is the phagocyte. In fact every bacteriological worker has been asked to place his services at the disposal of medical men who are in everything that appertains to bacteriology more uninstructed than the educated layman. One ought perhaps here, you think, to accept as a counterpoise to the bad results which accrue from this systenm of delegation the good results which accrue from it in connexion with the diagnosis of diphtheria from swabs sent to the laboratory, and in connexion with the treatment of this disease by diphtheria antitoxin. I do not for one moment wish to overlook either these or the many other advantages which may have accrued from the establishment of laboratories for clinical bacteriology: but if I take these into consideration, I am, by the same compulsion, obliged to take into consideration also that treatment by the unqualified and consultation by correspondence may also do good. And I put it to you that if we, as a profession, are under an obligation to call attention to the shortcomings of unqualified practice and consultation by correspondence, are we not under the same obligation to exercise censure upon ourselves when we have recourse to a system of delegation which involves us in similar shortcomings ?
But let me deal with the suggestion that our present systeimi of delegating bacteriological work, as exemplified in the case of the diagnosis and treatment of diphtheria, is an ideal system. I anm very far, indeed, from taking this view of the matter. I regard our present system of dealing with the diagnosis and treatment of diphtheria as essentially defective. It is defective, first, in the respect that it takes into account only one bacteriological factor-the diphtheria bacillus-and one of its pathological effects-the intoxication by diphtheria toxin. It is defective, secondly, in the respect-and this defect attaches to nearly all our therapeutic efforts-that, instead of adapting itself to the particular requirements of the individual case, our present treatment of diphtheria aims only at securing a high average of suceesses. I hold it to be a great defect in our methods of diagnosis of diphtheria, that attention is concentrated on the presence or absence of the diphtheria bacillus. We simply close our eyes to the fact that there may be associated with the diphtheria bacillus other pathogenetic microbes, such as streptococcus, whose presence may perhaps involve almost as much danger to life as the diphtheria bacillus itself. This neglect of the associated infections is only a natural outcome of the delegation of bacteriological work to bacteriologists who are out of touch with the case, and of the faulty appreciation of bacteriological data by nledical men who are uninstructed in bacteriology.
Nor even if we leave entirely out of sight the question of therapeutics of the associated infections, and confine ourselves to the question of the therapeutics of the diphtheritic infection, would it be possible to applaud the policy of delegating the manufacture of the serum to a bacteriologist who is not in personal charge of diphtheria cases. For the laboratory bacteriologist almost by necessity sets himself, in the manufacture of serum, an ideal which is merely a laboratory ideal. He aims at the production of a serum which will conform to accepted laboratory tests, and, in seeking to achieve the greatest possible antitoxic potency, he leaves out of sight the fact that a diphtheritic infection is something more than an intoxication by diphtheritic poison. In other words, he makes no provision to secure a serum which would promote the rapid casting off of the diphtheritic membrane and extermination of the diphtheria bacilli. So even in the case of diphtheria a policy of delegation, which absolves the clinician from all concern with bacteriology, and commits his, work to th-e purely laboratory bacteriologist, would seem to be merely a policy of the second-best.
(I) LIMITATIONS OF VACCINE THERAPY.
And now I pass to deal with the subject which is set down for me. That subject is vaccine therapy: its administration, value, and limitations. Let me begin with the discussion of the limitations of the method. To the man who is not in sympathy with vaccine therapy Royal Society of Medicine the discussion of its limitations must be pre-eminently welcome; and to those of us who desire to see vaccine therapy employed whenever it can do good, such discussion must be equally welcome. With a view to facilitating the consideration of this question, I have here set out, in the form of a tabular statement, certain salient points with reference to the limitations of vaccine therapy. I have, as you see, divided my table into two columns. In the first column I have set down a list of the objections which I have heard urged by pure clinicians. In the second column I have set forth the limitations which I myself, in common I hope with every bacteriological worker, would wish to insist upon (see p. 12).
When you have scanned the suggestions with regard to the limitations of vaccine therapy which are set out in Column I of the table on next page, you will, I think, recognize that we have in No. 1 the objection of the practitioner who shuts his eyes and ears to the facts until it becomes absolutely impossible any longer to do so. In Nos. 2, 3, 4, and 5, we have the usual objections of the general practitioner, consulting physician, operating surgeon and specialist who desire to stand upon the old paths, and to be let alone. Lastly we have in No. 6 the objection of the man who has no conception of the role which bacteria play in connexion with disease.
The contention that therapeutic inoculation has a useful application only in connexion with staphylococcus infections finds its exact parallel in the contention that prophylactic inoculation finds a useful application only in connexion with small-pox. We all now know that prophylactic inoculation has achieved brilliant results in man in connexion with typhoid and plague, and in animals in connexion with anthrax and many other diseases, and we infer from this that the principle of prophylactic inoculation is a principle of general application. In the same way we all knowall of us who care to knowthat therapeutic inoculation is every day applied successfully in connexion with every kind of pathogenetic microbe. And we know also--and those of us who are actually at work on the question have realized this fronm the outset-that we have here a principle of general application.
We pass now to the contentions 2, 3, 4 and 5, to the contentions of those who urge that their particular spheres of practice cannot usefully be intruded upon by vaccine therapy: to the objection of the consulting physician that vaccine therapy has no useful application to any of the graver bacterial infections which he is called in to see; to the objection of the operating surgeon that vaccine therapy may never take the place LIMITATIONS OF VACCINE THERAPY.
(1) Limnitations as contended for by the clinician wvho regards vaccinie therapy as ani itcomtfortable innovation.
(1) Vaccine therapy finds no useful application except in connexion with furunculosis.
(2) Vaccine therapy is of limited utility, because it can be applied only by those who have devoted study to bacteriology and immiunization.
(3) Vaccine therapy finds no useful application in connexion with the graver infections, such as pneumonia, rheumatic fever, typhoid fever, phthisis, meningitis, and streptococcal endocarditis.
(4) The proper sphere of vaccine therapy is not to take the place of any surgical operation, but to supplement it.
(5) Vaccine therapy finds no useful application in connexion with the ordinary infections of those regions of the body which fall within the sphere of the particular speciality that may happen to come under discussion.
(6) Vaccine therapy is of limited utility because it is applicable only to disorders whlich are referable to bacterial infection.
(II) Limitations as conztended for by the bacteriological worker who looks for-ward to vaccite therapy beintg capplied in conformity with scientific principle.
(1) Vaccine therapy can be applied only where an exact and complete bacteriological diagnosis has been made, and where the diagnosis is kept up to date.
(2) Vaccine therapy can be applied only by those who hiave some acquaintance with bacteriology, some understanding of the rationale of vaccine therapy, and a knowledge of the dose of the particular vaccine which it is proposed to employ.
(3) A limit is placed to the efficacy of inoculations by the fact that there are definite limits to the responsive power of the patient.
(4) Successful results can be obtained only where an efficient lymph stream can be conducted through the foci of infection.
(5) In long-standing infections vaccine therapy can give definite results only after a long succession of inoculations, and there is no security against a relapse until the infection has been completely extinguished.
(6) In a not inconsiderable percentage of cases it is essential to success that the dose of vaccine shall be controlled by measurements of the opsonic index.
Royal Society of Medicine of operative procedures; and to the objection of each several specialist that useful application cannot be found for vaccine therapy within the particular speciality which he himself practises.
In reality there is no kind of necessity for combating these contentions. In so far as they are the outcome of hasty generalizations, and in so far as they are irrational and interested, they will crumble away of themselves; while in so far as they are based on reason and upon a real insight into facts of nature they will, of course, hold good.
For the present I will content myself with pointing out that already vaccine therapy promlises to be brilliantly successful in pneumonia; that it holds out promise in typhoid fever and in many forms of rheumatism; that it supplies the only ray of hope we have in endocarditis; that it or a system of regulated auto-inoculation-such as Dr. Patterson has suggested and carried out at Frimley Sanatorium-is our only stand-by in phthisis; that it has already-pre-eminently in the case of tuberculous glands and many other forms of tuberculous infection-proved its superiority over operative procedures; and that it has given very favourable results in treatment of diseases of mouth, nose, ear, and genito-urinary system. There remains to be considered objection No. 6-the objection that vaccine therapy is of limited utility because it is applicable only in disorders which are produced by microbial infection. While the world in general has progressed up to the point of accepting from the bacteriologist the fact that epidemic disease is due to microbial infection, the medical profession in general has not yet accepted it from the bacteriologist that we have in practically every disease a bacterial infection, or the result of a bacterial infection. It is still comparatively unfamiliar matter that jaundice, bronchitis, common colds, many cases of asthma, infantile paralysis, and almost all cases of cardiac disease are one and all referable to microbial infection. And though it is made a reproach to the bacteriologist that he finds everywhere a bacterial infection, it is in reality the besetting sin of the bacteriologist to underrate, in common with every other man, the part played by microbes in disease; and he constantly has the mortification of finding that he has failed to appreciate the microbial factor in a disease, and has therefore misapprehended its nature. I would invite you to reflect in this connexion how few of us are prepared even to give a hearing to Metchnikoff when he urges that atheroma of the arteries may quite well be the result of an intoxication by bacterial products absorbed from the intestine, or to Mr. Arbuthnot Lane when he urges-as I understand him to do-that where the breasts and ovaries of the middle-aged woman are not regularly-flushed through with blood in the hyper8emia of the sexual orgasm, they tend to undergo cystic degeneration under the influence of toxins absorbed from the intestinal canal.
But perhaps I shall press home my point better if I tell you some of the awakenings that have only recently come to me, and if I show you how prone one is to be misled by tradition and nomenclature and to overlook everything that does not directly obtrude itself upon our senses. I may take these things in any order, just as they come to mind.
Formation of Scar Tissue.-It has been handed down to us as a dogma that where there has been very considerable loss of substance as the result of deep and extensive ulceration, or deep and extensive burns, the best result which one can look for is healing by scar tissue. I remember being wakened out of this belief by finding that very deep and extensive tuberculous ulcers may heal up under vaccine therapy with a complete restitutio ad integrumn.
In the first case, I remember, the ulcer was situated on the back of the hand. It was more than 2 in. in diameter and it went down to the bone, and the restitutio -ad integrum was here so complete that, a year afterwards, it was practically impossible to tell the hand which had been ulcerated from its fellow; and the patient, who, as a furrier, had to undertake very delicate manipulations, found his hand as flexible as before. The second case was that of a patient who has now for two years been one of our laboratory men. In his case a tuberculous ulcer which measured not less than 10 in. by 4 in., and which extended from the ear to the point of the shoulder, and which was at one point so deep as to seem as if it must burst into the pharynx, has now for years been covered in with a soft white elastic skin which shows no sign of contraction and is not very different from normal skin. It would seem in view of these and other similar cases that it might perhaps be practicable to avoid the formation of scar tissue after burns by combating the supervening bacterial infections. We are trying to see what can be done on these lines.
X-ray Dermatitis.-It will perhaps seem to you that only a man who was riding a hobby to death could suggest that a bacterial factor entered into the pathology of X-ray dermatitis. I will confess that it had never occurred to me that this might be the case until I was asked to see an X-ray operator whose hands were in a terrible condition with cracks and ulcers. Cultures here disclosed the fact that we had to deal with an extensive streptococcus infection, and the patient received great benefit from vaccine therapy, the intractable ulcers rapidly healing up as soon as the proper dose of his vaccine had been arrived at. I ask myself, in view of the burning quality of the pain in X-ray dermatitis, and of the course that the disease runs, whether a streptococcus may not often be an important factor in this complaint.
Inflammatory Trouble at the Roots of the Teeth and Toothache. It probably has not occurred to the ordina'ryman to connect trouble at the root of the teeth and toothache with a bacterial infection. But no sooner does one make an effort to shake off the disease of not thinking, and to sit down to reflect upon the subject, than it becomes clear that trouble at the roots of the teeth must be due to microbes finding their way down. And a very simple bacteriological observation then suffices to show that we have in those cases where there is trouble at the roots of the teeth generally to deal with the ordinary streptococci of the mouth. We have, therefore, here a source of trouble which may quite. well fall within the range of vaccine therapy; and as a matter of fact I have often seen such trouble quiet down under the influence of a vaccine. I would suggest here, as a point for investigation, whether the burning pain of actual toothache is not analogous to the burning pain of the streptococcus ulcer, and whether it may not be due to a quite similar infection.
Prmtritus ani.-Pruritus ani is, again, one of those disorders which the ordinary man would not think of referring to a bacterial infection. At any rate, it had not occurred to-me that it might be due to such an infection until a patient who was suffering from this condition was referred to me for the treatment of an associated furunculosis. I now find it difficult to understand how it is possible to look at pruritus ani from any other point of view than that of a bacterial infection. I have had under observation and treatment, in addition to the case just referred to, three very desperate cases of this affection. In each case I have found that a platinum loop applied to the seat of irritation brought away quite astonishing numbers of microbes, invariably staphylococcus and pseudo-diphtheria, and occasionally tetragenus; and in each of these cases life has been rendered comfortable, or, if not quite comfortable, at any rate quite endurable, by the use of appropriate vaccines.
Hay Fever.-Although the brilliant researches of Dunbar have put it beyond doubt that hay fever is to be traced to the toxic action of pollen, it would none the less seem possible that bacteria play a role in connexion with it. On the one hand the consideration that the coryza which begins as hay fever may culminate in an asthma which may last for months after the season of pollen is over, and on the other hand the fact that cultures made fronm the mucous membrane of the nose in hay fever often furnish voluminous growths of staphylococcus and Bacillus septus and other organisms, make it probable that the action of the pollen may pave the way for a microbial infection, and that this may seriously aggravate the disorder. If this is so, and if the exaggerated susceptibility to pollen which is the prime cause of the diseasel. cannot be successfully overcome, bacterial vaccines may quite well prove useful in these cases.
Urinary Calculus.-It is now perfectly well understood that the formation of biliary calculi stands in connexion with a coli infection of the biliary ducts and gall-bladder, and it has been known for very many years that phosphatic calculi form in the urine as the result of changes produced by bacteria. It is only going one single step further to search for a bacterial cause in connexion with every case of urinary calculus, and to try to identify the bacterial cause if such should exist. I have not undertaken any systematic observations along these lines, but, again, in the course of our daily routine of work a certain number of facts which all point in one direction have thrust themselves on my attention.
Case I.--A medical man who had suffered for years fromn a bacteriuria, which furnished in every case a pure culture of staphylococcus, developed a renal calculus and was operated upon.
Case II.-The daughter of a medical man, who had undergone an operation for renal calculus which resulted in the removal of twenty-one oxalic-acid calculi from the pelves of the kidneys, was brought to me with a view to something being done to prevent a recurrence of her troubles. A series of cultures made from her urine furnished in each case a copious growth of staphylococcus. Case II1.-A patient whose urine had for years furnished on each occasion a pure culture of a coliform bacillus, and who had undergone vaccine treatment for this, developed symptoms of renal calculus. The operation revealed the presence of a stone, and cultures made from the pelvis of the kidney furnished copious cultures of staphylococcus. A similar operation for calculus, undertaken twelve months later on the other kidney, again furnished a culture of staphylococcus.
Case IV.-A patient who had been admitted to the Inoculation Wards at St. Mary's Hospital for the treatment of a deep and extensive ulceration caused by a combined syphilitic, streptococcal, and staphylo-coccal infection, developed symptoms of renal colic. Radiographic examination showed the presence of a stone in the pelvis of the right kidney, and a similar calculus in the right ureter. An examination of his urine revealed the presence of staphylococci in fair numbers. Indigestion, Vomiting, Flatulent Distension of the Stomach.-The fact that these are often prominent features in early phthisis is one of those facts which have been known so long that no one any longer asks for an explanation of them. I believe the answer to the problem may perhaps be found in the fact that pyorrhoea alveolaris is a frequent accompanimnent of phthisis. I can hardly doubt, after what I have seen result from vaccine treatment in these cases, that the gastric disturbance must often be due to streptococci, swallowed with the food. I have, for instance, seen vomiting that had occurred regularly every day for six months disappear after the inoculation of a vaccine made from streptococci derived from the mouth. We must remember, in connexion with gastric disturbance which is associated with pyorrhcea, (1) that cooked food is for all practical purposes sterile food; (2) that the admixture of microbes which gives rise to fermentation can only come from the mouth or stomach; (3) that inasmuch as a more or less effectual process of sterilization takes place in the stomach, while the development of microbes goes on without such check in the mouth, the cause of the gastric fermentation is probably to be found in the microbes of the mouth which are swallowed with the food.
Epilepsy.-It would seem as if we had in epilepsy a condition which could not by any possibility stand in any cetiological connexion with any bacterial infection. But even here the judicious will-find ground for hesitancy. He will reflect that in infancy almost any infection which is associated with the setting free of bacteria] toxins in the organism will produce convulsions. It may therefore not unreasonably be surmised that a bacterial focus which stood in connexion with the nervous system might even in the adult produce a like result. And I believe that I have seen epilepsy in tuberculous patients improve under inoculation treatment.
Cancer.-In spite of the fact that a moment's consideration would bring it home to anyone who had come into intimate contact with cancer that the microbic infections make a large part of the misery of the disease, both for the patient and for those that come in contact with him, the r6le which microbic infections play in connexion with cancer is as yet almost unrecognized. In reality that r6le is far more important than appears at first sight. Owing, no doubt, to that defective resistance v-2 which seems to be a feature of all neoplastic tissues, cancer, very early in its history, long before it has burrowed its way to the surface, becomes the seat of a staphylococcus infection-an infection by the so-called Micrococcus neoformans of Doyen. And there is reason to believe that much of the pain and swelling and inflammation in connexion with the tumour, and much, if not all, of the so-called cancerous cachexia, is due to this micro-organism. In view of this it is clear that, even though we cannot hope to strike at the root of the evil by anything in the nature of a vaccine treatments cancer-and in particular inoperable cancer-comes within the range of vaccine therapy.
Diabetes.-It must over and over again have suggested itself that diseases which are due to the faulty functioning of some organ-diseases, for instance-such as Graves' disease and pancreatic diabetes-may ultimately be traced to bacterial infection. Countenance is given to this suggestion by such work as has recently been done in connexion with the vaccine therapy of diabetes. I may refer to a case of pancreatic diabetes which was treated by my colleague, Capt. S. R. Douglas, where the secretion of sugar and the symptoms of the patient were found to vary with the patient's resistance to a coliform bacillus which had been isolated from her faeces. I may refer also to the interesting facts which Dr. McWatters is bringing forward in this discussion in connexion with the treatment of glycosuria by staphylococcus vaccine. I think you will see that his facts suggest that glycosuria and carbuncle, which we have always supposed to be related as cause and effect, may perhaps in some cases be merely two different manifestations of a staphylococcus infection.
Enuria.-Finally, let me invite you to consider whether a bacterial infection may not in some cases turn out to be the cause of enuria. I can call to mind a case where enuria was apparently attributable to an unsuspected coli infection of the urine, and another case in which it was also associated with the same infection. Both cases yielded to treatment by vaccines.
I have perhaps said enough to rebut the contention that the range of vaccine therapy is restricted. In point of fact it not only covers almost the whole range of our present medicine, but also much that lies altogether outside its borders. For it beseems every doctor to remember with humility that there are an infinitude of chronic or recurrent ills affecting mankind which are never seriously brought to his notice, because no one believes that there is any understanding of them in the medical profession, or any possibility of a cure being found for them.
In this connexion I may just glance at another point which, perhaps more than any other, will bring home to you how extensive is the range which opens out before vaccine therapy. It is certain that we come into this world each with his individual susceptibility to microbic invasion. I am here thinking not of our susceptibility to those microbes which can pass from man to man in the form of epidemics-those microbes which alone come into the field of view of the hygienist. I am thinking rather of the fact that one man is by nature deficient in his resisting power to the staphylococcus, another to the pneumococcus, another to the bacillus of Friedlander, another to the influenza bacillus or to the acne bacillus, another again to some one of the different forms of streptococcus, or of the pseudo-diphtheria bacillus or of the coli bacillus, and another to the tubercle bacillus. And I would have you reflect, in connexion with these microbes, that, while their ravages may not be dramatic, they are collectively responsible for nine-tenths of human disease. And then I would have you reflect that while mnan makes efforts to guard himself against epidemic disease, and while he enlists the help of the State in this task, he accepts it as if it were an unalterable law of nature that he should be buffeted throughout his life by the particular microbe to which he individually is liable. Thus one man puts up with recurrent influenzal attacks, another man with a succession of sore throats, another man with continual recurrences of boils, another man with chronic bronchitis, another with perpetual trouble in the roots of his teeth, another with a continuous discharge from the ear, another with sycosis or acne, another with the coli infection of the urine, another with continual pruritus, another with tuberculous glands, another with phthisis, another with recurrent intestinal attacks, and so on through the whole gamut. Vaccine therapy will, I believe, help every man to keep under the particular microbe which besets him. I now pass to consider Column II of my table; in other words, to consider the limitations of vaccine therapy, which must-if I see the matter aright-be contended for by every bacteriological worker who desires to see vaccine therapy applied in conformity with scientific principles.
I think that only the first and the last two of the contentions in Column II stand in need of anything in the way of amplification and defence. There is no one I conceive who would think of questioning that a complete and exact diagnosis is a necessary preliminary to a successful application of vaccine therapy. Nor will any one who has done work on a case of mixed infection have any doubt as to the absolute necessity of keeping the diagnosis up to date. It must none the less be emphasized that as soon as ever a definite label has been placed upon a case, that label generally dismisses from view all further bacteriological possibilities.
The risk of accepting an incomplete for a complete diagnosis, and so imperilling the success of our treatment, is perhaps most conspicuous in connexion with syphilitic and tubercular infections. And yet in many cases the very clinical characters which serve as stigmata of tuberculous or syphilitic infection are characters which ought properly to go down to the account of other microbes; and when we go into the matter it becomes clear that it is the presence of these microbes in the lesion which puts the clinician on the trail and furnishes him with the logical justification for the diagnosis of syphilis or tubercle.
A typical instance is furnished by rupia. The characteristic rupial scab testifies to the presence of a bacterial agent which induces a copious transudation of lymph. The bacterial agent which has a pre-eminent power of doing this is the streptococcus. But in the case of a typical pure streptococcal infection the exudate is wont to be a perfectly clear lymph which sets into an amber-yellow scab which crumbles down into a powder like gum arabic. In rupia, however, the discharge is semipurulent, and the heaped-up scab which suggests the idea of a streptococcus infection is very tough and opaque. It is, in fact, a scab that contains a large admixture of leucocytes. This suggests a superadded infection, and the commonest infective agent which leads to an emigration of leucocytes is the staphylococcus. The characters of the rupial scab thus furnish presumptive proof of the presence of streptococcus and staphylococcus-in reality both these are regularly to be found in rupia-and, little as the pure clinician appreciates the fact, it is this twofold infection which leads him to the diagnosis of syphilis. For we have apparently in the spirochaete a microbe which brings about a general lowering of the resistance of the body to microbic infection. I may say, in passing, that the inference that a multiple infection such as we have in rupia is always due to syphilis is not always correct.
It is, however, certain that there is no tuberculous or syphilitic ulceration of a mucous membrane, and no extensive tuberculous or syphilitic ulceration of the skin, which is not complicated by secondary infections. It follows that it is improper in any case of tuberculous ulceration of the larynx or tongue to depend entirely upon tuberculin and to overlook the associated infections. Similarly, it is important, in any connexion with syphilitic ulceration, to keep in mind the possibility that chemotherapy may be ineffective if we do not turn our attention to the associated microbes. And in such cases it often does not suffice to combat only one variety of associated microbes. One comes across case after case where, owing to the fact that one of a batch of infecting microbes has been overlooked, a wound obstinately refuses to get well. I have, for instance, in mind a case of tuberculous ulceration of the chin which failed to make progress when treated with a combination of tubercle and staphylococcus vaccine, and which healed up rapidly when, after the discovery of a streptococcus in the wound, a combination of tubercle, staphylococcus, and streptococcus vaccine was employed. The subsequent history of this case is interesting also, as showing the necessity of keeping the diagnosis up to date. When some months after the patient had gone back to the country the ulceration broke out again, the same triple combination proved quite ineffective. The ulceration spread in an alarming manner, and the patient returned to hospital for treatment. It was then found that the Bacillus proteus had established itself in the wound, and that his blood gave a positive reaction with Wassermann's test. A proteus vaccine was now administered, and under the influence of this, in combination with a few doses of iodide of potassium, the wound healed up rapidly.
The fact that long-standing infections cannot be got under save by a long succession of inoculations is obvious to anyone who understands anything of the rationale of vaccine therapy. I, however, specially emphasize it here because I find that the most unreasonable expectations are afloat as to what may legitimately be expected from vaccine therapy. In view of these, I must try to make it clear what we can and what we cannot hope from the mnethod, in a case of long-standing infection.
Perhaps the easiest way of bringing home some appreciation of the conditions is to compare the human body to a garden, the vaccinetherapist to the gardener, and the pathogenetic microbes to weeds which can be thinned out, but which, so long as any of them remain over, retain their power of multiplying and regaining lost ground.
This analogy makes it plain that the most that can be achieved in a long-standing infection by one dose of a vaccine is a temporary reduction in the number of the infecting microbes, and that it is not worth while, in such a case, to embark upon anything less than a systematic campaign. And it also makes it plain why it should be necessary to inoculate again and again for an unlimited time when a vaccine is employed for therapeutic purposes, and once or twice only where it is employed for prophylaxis. Clearly where inoculation is resorted to for therapeutic purposes, the surplus of anti-bacterial substances, which is elaborated, is immediately expended in the destruction of microbes; where inoculation is resorted to for prophylaxis, such surplus is not used up, but is kept in reserve against future eventualities.
When a patient is informed of these facts, and when he is told that it will be necessary to inoculate again and again for an unlimited time, he will inevitably ask how long it will take to accomplish a cure.
It will be profitable, therefore, to clarify our ideas about this question of the achievement of a cure.
Bacterial infections fall in reality into two classes: (a) Into the first class would fall " surface infections " by microbes which are normally saprophytic on the affected surfaces. The pneumococcal or streptococcal infections, which are the commonest causes of bronchitis, are instances in point.
In this class of infection it is unreasonable to aim at a complete extinction of the infecting microbe. What we can here hope for in the way of a cure is to keep the number of microbes within bounds, and to minimize the chance of a recrudescence by keeping the patient's resisting power up to the mark.
(b) Into the second class would fall infections by microbes which are extraneous to the normal organism, which are always pathogenetic, and which can only be acquired by infection from the sick. Tuberculous infections are instances in point.
In this class of cases the extinction of the infection is quite a reasonable ideal. But if now, in connexion with this class of infections, the question is pressed as to how soon this can be achieved, the vaccine therapist is bound to reply that he can never say beforehand, and can never guarantee the attainment of this result. But, though he cannot prophesy, he can from time to time take stock of the patient's condition, and tell him whether or no he has made progress, and whether or no the infection has been extinguished.
In reality, we have in addition to the clinical condition-which, of course, cannot tell us whether an infection has been extinguished-not less than four different methods by which we may see how we have progressed. Let me explain what these are:
(1) In the case where the patient's index is being regularly taken, let us say at the expiration of ten days after inoculation, we have an automatic check upon the progress of the case. For if we find that, instead of sinking rapidly away to below normal, as it did at the outset, the opsonic index now maintains itself at the level of the normal, or a Royal Society of Medicine somewhat higher level, we may-if we have excluded the fallacy of auto-inoculation-confidently conclude that the patient is making good progress. For clearly as the pathogehetic microbes in the body diminish, there must be a proportionately slower expenditure of anti-bacterial substances. When we have satisfied ourselves that this is the case, and if also all the overt signs of infection have disappeared, we may proceed cautiously to apply the next test.
(2) Where we have reason to believe that the infection may have been extinguished, and want to make certain that this is really the case, we may tentatively give up the inoculations but continue to make measurements of the opsonic index. And if, under these circumstances, we still find the opsonic index remaining normal month after month, we may conclude that the drain upon the patient's anti-bacterial resources -it is probably that drain which accounts for the subnormal indices found in the early stages of tuberculous infection-has been arrested. This will signify the complete, or all but complete, extinction of the infection. A table showing the results obtained by this method of testing on a series of patients is subjoined (see p. 24). If we desire an even more searching test, we may take either the next or the one following.
(3) This test is based upon the consideration that if we send a lymph stream through a limb or any other region of the body which has been the seat of a bacterial invasion, that lymph streamn will, as it returns to the blood, carry bacterial poisons back into the blood, with the result that a characteristic fluctuation will occur in the opsonic power of the blood. This test furnishes information which is specially valuable where the decision of the question as to whether the patient may use his limb depends upon the question of the extinction of the infection in a joint. For the purposes of this test, active hypertemia is induced in the suspected focus of infection, a bandage is then applied to the vein in such a way as to obstruct the blood current, and when a transudation of lymph has in this manner been obtained, the lymph is driven back into the circulation by massage or active movements. In order that the test may yield conclusive results, it is advisable, in cases where there can be only very little remaining infection, to keep the limb at rest for a day or two before undertaking the test, in order to allow of an accumulation of bacterial toxins in the focus (Chart I, see p. 25).
(4) While the test which has just been described resolves the question as to whether there is still lurking infection in a suspected focus, consideration will show that it will not resolve the question as to whether there may not be elsewhere in the patient's body an unextinguished focus. If this question should not be held to be sufficiently resolved by such a series of tests as is described under (2), it can be further put to the proof by testing the patient's blood before and after severe exercise. The routine procedure which we employ in such a case is to test four samples of the patient's blood-the first drawn off immediately before exercise, the second immediately after, the third six hours after, and the ¶tourth twenty-four hours after. A pair of companion charts showing the results obtained by this method of testing is subjoined:-OATE Jan. Sth508
June 1 The only one of the contentions in Column II which is in any sense of the word controversial is the contention that it is not infrequently essential to success that the doses of vaccine shall be controlled by measurements of the opsonic index. We have in this connexion to consider, first, the question as to whether the opsonic power of the blood can be accurately measured; secondly, the question as to whether there is a correlation between the rise and fall of the opsonic index and improvement and aggravation in the condition of the patient; and, thirdly, the question whether the measurement of the opsonic index can be dispensed with, and whether any other guide can take its place.
(i) Question as to whether the Opsonic Power of the Blood can be accurately Measured. I may point out, in limine, that the controversy which has taken place on the subject of the accuracy of the opsonic index is only what might have been expected, seeing that it is in connexion with the measureinent of the opsonic index that the capacity of bacteriological workers for accurate quantitative work has for the first time been seriously put to the test. I may very briefly refer here to three schools of criticism. The first, represented by Pigg-Strangeways and his collaborators, asserted that differences such as emerge in connexion with the counting of phagocytic preparations of different bloods might quite well be due to the operations of chance, which brought into the field of view of the observer in one specimen of blood a group of leucocytes which happened by chance to contain more microbes, and in the other specimen of blood a group of leucocytes which happened to contain less microbes. These critics further suggested that if a sufficient number of leucocytes-1,000 leucocytes was the proposed number-were counted, it might be found that there was never any difference between tuberculous and non-tuberculous bloods.
A second school of criticismn declared that, while there could be no question but that there were often marked differences between the blood of infected patients and normal blood, the margin of error in the method is so considerable as to deprive .,he method of any practical value. In support of this thesis some observers brought forward discordant results obtained by themselves on duplicate samnples of blood. Other critics again brought forward discordant results obtained by a series of observers in different laboratories who were all supplied with the same bloods. In connexion with the last-mentioned results, it is to be observed that in tests thus organized the results of inaccurate workers throw doubt upon the work of accurate workers. Moreover, as I have already elsewhere' pointed out, results obtained in different laboratories with different strains of microbes are not, and cannot be expected to be, comparable inter se.
A third school of criticism proclaimed that, inasmuch as the average ingest of a certain number of leucocytes is taken to represent the opsonic power of a blood, there here enters into the method a certain factor of chance-a factor whose magnitude can be calculated only by a statistician. Again, this school of criticism contends that, inasmuch as the phagocytic power of the individual leucocyte varies within certain limits, there here enters again into the method another factor of chance which also is a proper subject-matter for mathematical evaluation. On this basis the statistician puts forward a claim to determine the limit of error of the opsonic method. In reality, however, in addition to the two factors which have come within his purview, there are many others which have an important influence on the result.
In the first place, the range of variation in the phagocytic power of the leucocytes, which is by the statistician assumed to be a constant, is a factor which is in reality profoundly modified by the treatment to which the leucocytes are subjected. While we have in some cases a comparatively small range of variation in cases where the leucocytes-have been maltreated we have a much larger range of variation.
Again, though the statistician assumes that a record of bacteria counted in a series of leucocytes is as unambiguous and as little open td error as, let us say, a record of pips counted on a series of cards, this is very far from being so. Microbes cannot be satisfactorily counted unless the leucocyte has first been spread out flat as a card. Again, the microbes must have been differentially stained so as to stand out perfectly clear against the background of thp leucocyte. Again, the bacteria must not be fragmented or gathered together into groups. They must not be so numerous as to make accurate counting difficult. And there is also another requirement; the observer must bring to the task of counting exceptional concentration, and he must display no little judgment in the avoidance of pitfalls and fallacies.
It follows that the figures which represent the number of bacteria counted in the individual leucocyte are affected by the treatment to which these have been subjected in vitro, and these figures are also affected by the degree of skill and attention which has been brought to bear upon the preparation of the bacterial suspension, the spreading of the blood film, the fixing and staining of the preparation, and the counting.
Figures. which are the resultant of all these factors, which are personal to the individual worker, cannot, I submit, possibly furnish a " mathematical limit of error " for-a method. What they may, perhaps, furnish is a value for the " mathematical limit of error" in combination with what I may perhaps call the "functional error" of the particular observer, or groups of observers, whose work is under review.
Let me try to make clear to you-in so doing I shall only be elaborating what is familiar matter to us all-the importance of the "functional error" in connexion with our work.
The " limit of error of a method" is, if I understand the expression aright, a function which can attach only to quantitative methods in which we have an inherent factor of chance. It is a value which is unalterably fixed by mathematical laws, which can be arrived at only by a mathematician. It is a value which is exactly the same for every worker. No one can emancipate himself from it, or do anything to diminish it; and it is indissolubly attached to the method.
The "functional error" is an error which attaches only to methods which involve a certain amount of skilful functioning. It attaches to the operator. It has a different value for every operator. It may in the case of one and the same operator vary from hour to hour with his physiological efficiency. Its value can be diminished by practice and attention. It cannot be evaluated by a mathematician. It can be pretty accurately gauged by the operator himself. The " working error" corresponds sometimes to " the limit of error of the method," sometimes to the " functional error of the operator," and sometimes to the sum of these values.
In the case of such an exercise as counting of the number of pips on a series of cards and taking the average of these, or in going through the same operations with a series of throws of the dice, nothing in the nature of skilful functioning is required. The " functional error " is therefore here negligible; and the " working error " may be identified with the " limit of error of the method."
In such a case as the auscultation and percussion of a chest the whole " working error " is the " functional error of the operator."
In the case of the measurement of the opsonic index " the working error " is the sum of " the limit of error of the method " and " the functional error of the operator." Of these, by far the most important factor is the " functional error." I have satisfied myself, and all my fellow-workers have satisfied themselves, and I am glad to say a very large and increasing number of bacteriological workers all over the world have satisfied themselves, that when the " functional error" has been reduced, as it can be by practice and patience, to small dimensions, and when, in connexion with tubercle, the customary counts of 100 or more leucocytes are made, the " mathematical limit of error" of the opsonic index is such as need not seriously be taken into account.
(ii) Questions as to whether the Rise and Fall of the Opsonic Power of the Blood is correlated with Improvement and Aggravation in the Condition of the Patient.
I have elsewhere' discussed at some length the questions as to whether it is a practical ideal to make a complete evaluation of all the factors which make up the resisting power of the organism to bacterial invasion. I have pointed out there that inasmuch as it would bc necessary for a complete evaluation of the antibacterial power of the organism to enumerate all the leucocytes, to measure their individual phagocytic activity-and, I may add, their power of digesting the ingested microbes-and to consider the question as to how far the leucocytes which are available could be brought into application; and, further, inasmuch as it would be necessary for a complete evaluation to evaluate all the known antibacterial elements which may affect the microbe front which the patient is suffering, and to make allowance for all the antibacterial elements which have not yet been discovered; and, lastly, inasmuch as there is no common denominator to which we can refer these different classes of defensive elements so as to add the one to the other or to set off the one against the other, it must for ever be impracticable to make a complete evaluation of the antibacterial forces of the body. And I have pointed out 2 that it is for these reasons "Studies on Immunisation," pp. 331-5. absolutely necessary-if we are to have any direct guide in our immunization proceedings-to content ourselves with a confessedly partial evaluation of the antibacterial powers of the blood. Again, I have pointed out that we can quite well turn to account a partial evaluation if the antibacterial element which has been selected for mleasurement is an element which can be accurately measured, which decreases and diminishes in the blood in response to inoculations of vaccine, and which increases and diminishes in correlation with the clinical condition of the patient. The measurement of the opsonic power of the blood is confessedly and in intention a partial evaluation of the antibacterial defences of the body; it can be accurately measured, it is an element which decreases and diminishes in the blood in response to inoculations of vaccine; and the question for discussion is whether it increases and diminishes in correlation with the patient's clinical condition.
I have affirmed that there is such correlation. If anyone desires proof of this, he has only to watch the effect which is produced on the clinical condition and the opsonic power of a tuberculous patient by an excessive dose of tuberculin or an excessive auto-inoculation. Or if he wants to see that a rise in the opsonic index is correlated with an improvement in the patient's condition, he has only to take a tuberculous patient who has a chronically low index and watch the improvement that goes hand in hand with an improvement in the index. Or if he wants to watch the way in which the clinical condition varies with the opsonic index, he has only, in a tuberculous person, to inoculate somewhat smaller doses than are required and he will see the patient's condition improve and his opsonic index increase for a few days after inoculation, and then regularly fall away again before the next inoculation is undertaken.
I have hitherto alwavs emphasized this generalization and said little about the exceptions, first, because in every new scientific departure our business is with the rule and not with the exception; and, secondly, because when it has once been stated that a measurement of the opsonic power of the blood is confessedly and in intention a partial evaluation of the antibacterial defences of the body, that statement inevitably brings it home to the thoughtful that there cannot then by any possibility be a perfect correlation between the opsonic power and the clinical condition.
I leave the matter there for your consideration. I would, however, point out to you that the difficult thing in this intricate web of things in which we are entangled is to possess ourselves of the broad generalizations. It is no difficult task to alight upon an exception to a generalization which confessedly gives only the general rule. The man who, meeting an exception which might have been foreseen, straightway throws up the sponge is like the man " who encountered a corpse and retreated to bed, announcing that all life was contradicted." I suppose that not even the correlation that exists between the readings of the clinical thermometer and the condition of a patient is to be accounted a perfect correlation.
(iii) Question as to whether the Measurement of the Opsonic Index can be dispensed with, and whether there is any other Guide which can take its place.
I have said elsewhere 1-weighing my words very carefully as I did so-practically everything I have to say on the question of the importance of controlling the dosage by measurements of the opsonic index. I pointed out there that in a large class of cases it is impossible within the short interval which normally elapses between one inoculation and another to tell by any clinical observation whether the preceding dose of vaccine has elicited a satisfactory immunizing response. We have in chronic tuberculous infections typical examples of this class of case, and there are also many obstinate cases of infection by other micro-organisms-cases of empyema, sinusitis, middle-ear disease, urinary infections, streptococcal infections of bone, &c.-where a definite clinical improvement can be hoped for only after a consecutive series of effective inoculations. In all these cases we have either to work entirely without a guide or to rely upon the opsonic index as our guide. I have also emphasized that even where we have more or less definite clinical symptoms to guide us at the outset there will, if the patient improves, inevitably come a time where the clinical symptoms will fail us as a guide, but where the inoculations ought to be continued for the purpose of extinguishing the infection. Here, again, the opsonic index is our only possible guide. And we cannot dispense with it if we are to diagnose our obscure cases, to take accurate stock of the progress of the cases we have under treatment, and to satisfy ourselves that we have extinguished the infection and that we may suspend our inoculations.
If any of these statements are controvertible, it would be well that they should now be controverted. For, up to the present, what I have urged in favour of the importance of controlling dosage by the opsonic index has been met only by insistence that the correlation between the opsonic index and the clinical condition is not a perfect one-if this were a reason for dispensing with the opsonic index, it would also be a reason to dispense with the thermometer-and by the iteration of the formula that the clinical signs give to the clinician sufficient guide in the regulation of his dose. When I find a speaker obsessed with this formula; when I find him ignoring the fact that there are cases where no guidance can be obtained from the clinical symptoms; when I find that he refuses to face the problem as to how in such cages the dose of vaccine is to be regulated; when I find him citing cases which he has inoculated with success under the guidance of definite clinical symptoms, and adducing these as proof that the opsonic index can be dispensed with in cases where guidance cannot be obtained from the symptoms, I ask myself whether I am not perhaps listening to " one of those sages whom a man should understand less as he heard him longer."
While I have insisted, and continue to insist, that there are many cases where we are not doing the best for the patient if we are not controlling the effect of our inoculations by the opsonic index, I have from the very outset recognized that vaccine therapy can in many cases be carried out with success without its aid. I recognize that more fully every day, and I rejoice, with all those who understand what vaccine therapy may mean to the world, that it should be so.
Let me briefly describe to you what our practice is in connexion with the control of inoculation by the opsonic index in the case of the out-patients and in-patients in the Inoculation Department of St. Mary's Hospital. In an ordinary case of localized streptococcus or staphylococcus infection we practically never have recourse to the opsonic index. In connexion with these infections we know the appropriate doses of vaccine, and the clinical symptoms furnish any further guide that may be required. The same holds true of accne. It holds true again of croupous pneumonia.
Where we have to deal with a case of staphylococcus infection, such as sycosis, which has obtained a firm hold upon the patient and which offers considerable resistance to the treatment, and which we can only hope to overcome by a succession of effective inoculations, it is often necessary to regulate the dose by means of estimations of the opsonic index.
The same holds true of the very chronic streptococcus infections which are associated with tuberculous disease of bone. It holds true again of the chronic coliform infections.
In the cases Qf tuberculous infection we make a distinction. We make it a practice in every case of phthisis to control the effects of the inoculations by the opsonic index, but employing, as we do in the case of phthisical out-patients, only doses which give no negative phases, we find it sufficient to determine by blood examination, undertaken on the day before the patient returns for inoculation, whether the dose has been adequate to keep the opsonic index up to the normal. In the case of phthisical patients who are treated in the wards, more frequent examinations are undertaken. In the case of tubercular adenitis and other localized forms of tubercular infection we limit our opsonic examinations if satisfactory progress is being made. As a rule, we undertake these only where the question of increasing the dose presents itself. In cases which do not make such satisfactory progress the opsonic index is estimated much more frequently.
In cases of septicaemia and in cases of advanced phthisis, and, in short, all cases where the condition of the patient is undergoing constant and rapid changes under the influence of continuous auto-inoculations, we find that the measurement of the opsonic index does not render any very valuable services.
In conclusion, I may mention, in connexion with the question as to whether the temperature in a pyrexic case can be taken as a guide to the opsonic index, that we have over and over again verified that, except in those unfortunately more or less rare cases where a pyrexic infection is being definitely got under by inoculation, we do not find any of that inverse correlation of temperature to the opsonic index which is illustrated in some of our published charts' and which Dr. Latham, generalizing apparently from very few cases, has alleged to constitute the general rule. The temperature cannot therefore be depended upon as a guide in immunization. I pass on from the consideration of the limitations of vaccine therapy to its results.
(II) VALUE OF VACCINE THERAPY.
It would clearly be an impossible task to attempt here even a summary of the results of vaccine therapy. All that I would propose v-3 " S Studies on Immunisation," pp. 404 and 407. to do is to suggest for your consideration certain general canons of criticism which ought, I think, to be kept in view when we set ourselves to appraise the results of any therapeutic procedure.
The question as to how we are to give our verdict upon the success or failure of vaccine therapy in the individual case ought obviously to take precedence over the question as to how, when we have passed our verdict upon the success or failure of vaccine therapy in a series of cases, we can bring these separate verdicts together into the form of a general verdict.
Let me then begin with the former of these questions. Now I would put it to you that we have in connexion with vaccine therapy to consider two entirely different classes of cases.
We have, first, the simple and unambiguous case. This is the case where the treatment consists of a single inoculation of vaccine, and where the verdict takes into account only the results of that one inoculation. We may take as an example the case in which the vaccine therapist sets himself the task of aborting a stye on the eye, or of arresting a streptococcus infection in a poisoned wound. To abort the stye and to stop the streptococcus infection promptly is to succeed-for these things do not happen of themselves-to do less than this is to fail. The game consists here in the winning of one trick, and there can be no two opinions as to whether that trick has been won or lost.
We come now to the more intricate case. This is the case where the treatment comprises a whole series of inoculations, and where what has to be adjudicated upon is the success or failure of the whole series of operations. Consideration shows that the conditions which here present themselves may be compared with a game which consists in winning, not, as in the case last considered, a single trick, but a whole series of tricks. Among the problems which here present themselves there is again a simpler and a more difficult one.
Let us begin with the former. It is clear that if the patient gets steadily worse under inoculation, the case must be counted as a failure to vaccine therapy. And if the case gets steadily better and has ended in the extinction of the infection, it must be classed as a success to vaccine therapy, if it is conceded that the case offered no prospect of a spontaneous cure. If that is not conceded, the case becomes, for those who have either a bias in favour of or a bias against vaccine therapy, a case for wrangling over. For the judicious and unbiased person it becomes a case which is to be set down as a more or less probable success for vaccine therapy. In other words, if the game is won it may be a matter of dispute whether it is the vaccine therapist or another who has won the tricks, and the dispassionate man will decide on the probabilities. I pass to the really difficult cases. We have such a case where the vaccine therapist begins by winning a series of tricks and then begins to lose, and the game is broken off. We have again such a case where the vaccine therapist wins a series of tricks and it is assumed that this wins the game, and then the game is broken off, and then, after abandonment of treatment, there comes a relapse. And we have again such a case where the game is never definitely won, but where the vaccine therapist reinoculates whenever the condition of the patient requires it, and each time temporarily ameliorates matters. In these cases the judgments that are passed are often absolutely reckless. It is here that the man who is blinded by a bias in favour of inoculation claims credit for winning the whole game when he has won only a very few tricks. It is here that the man who is blinded by a bias against inoculation contends that the game has been lost when only one trick or a very few tricks have been lost.
I will leave it to others to illustrate the effects of the bias in favour of inoculation. I think the following verdicts will illustrate the effects of the bias against inoculation. They relate to cases which were treated by me, which then passed out of my hands into the hands of others, furnishing to them material for controversial uses:
The first was a case of tuberculous epididymitis. An eminent surgeon had arranged to operate in this case, and the day had been fixed. On the advent of that day he, however, found that the disease had progressed so rapidly that the operation had to be abandoned. The patient was then referred to me for treatment by vaccine therapy. For a long time the patient made very satisfactory improvement under vaccine therapy. He then lost ground. If I remember aright, the epididymis began to break down. He then went back to the surgeon, and the operation for amputation of the testicle, which had before been abandoned; was undertaken. The case was then controversially cited as an example of the failure of vaccine therapy. I do not demur. I merely point out that this was a case where, in the language of my metaphor, I had won a series of tricks; I then began to lose, and the fact that I had failed to bring about a cure was the only fact which was taken into account, although, if I appreciate the case aright, the success which attended vaccine therapy had made it possible to undertake the operation with a prospect of success. But I ask myself what would be the verdict of the judicious upon such a case. Would they pronounce it a failure or a success ?
The second case was that of a patient who had been suffering for several months from a chronic cedematous inflammation of the pharynx and soft palate, which had been treated unsuccessfully by an eminent laryngologist. I was asked to see the patient, and found that the cause of the trouble was a mixed pneumococcus and catarrhalis infection. A striking improvement manifested itself immediately after the inoculation of the first dose. The patient was easier and the cedema and cyanosis of the affected parts had markedly diminished. A few days later, however, a small perforating ulcer made its appearance in the central line of the soft palate, and inoculation-treatment was discontinued. The case was published by the laryngologist who had been in charge of the case as a failure for vaccine therapy.
Again I ask myself what the verdict of the judicious would be. It would perhaps have -been that one trick had been won by vaccine therapy, or perhaps-in view of the development of the ulcer-that one trick had been lost. But I think the decision would not have been that the game had been played to a finish and that vaccine therapy had proved a failure.
The third case was that of a patient with fairly advanced phthisis who was treated as an out-patient in the Inoculation Department of St. Mary's Hospital. Considering the fact that she was a frail little woman and had a very considerable distance to come for treatment, this patient had, we thought, made very fair progress under vaccine therapy; and she, of course, assured us that she had. Some time in the late autumn of last year she fell seriously ill, discontinued her attendance, and saw in consultation with her medical attendant an eminent physician. By his advice she was placed upon continuous inhalations of an antiseptic. A letter published by her medical attendant in one of the medical journals early in this year recounts the -brilliant success of this method and the failure of vaccine therapy.
Only two or three days ago that patient was admitted to St. Mary's suffering from pneumothorax and in a very serious condition.
I do not know what the commentary of the judicious would be upon this. He might, of course, decide that the case was a success for vaccine therapy, and a success also for the method of the continual inhalation of antiseptics. Or he might decide that it was a failure for both methods. But I think he would not decide that it was a failure for vaccine therapy and a success for the method of the continuous inhalation of antiseptics. I think he would remind the letter-writer that " with what measure you mete it shall be meted to you again." I have suggested all these difficulties to you. I confess I do not see my way out of them, unless perhaps we could content ourselves, in cases like those which have been cited above, to abstain from pronouncing a verdict on the summarized result of the whole. In such cases we might, it seems to me, content ourselves with giving a verdict on each successive movement in the game.
If I have succeeded in making you see eye to eye with me in this matter, if I have succeeded in making clear to you how in many cases almost insurmountable difficulties stand in the way of a final decision on the results obtained in the individual case, it will not be necessary for me to emphasize the fact that it must be hopeless to attempt to summarize our verdicts on vaccine therapy in any statistical form.
I have, in conclusion, only one or two passing remarks to make in connexion with the question of the mode of administration of the vaccine.
(III) MODE OF ADMINISTRATION OF THE VACCINE.
Probably to those who are familiar with Dr. Arthur Latham's work the issue as to whether the administration of vaccine by the mouth is an improvement over the method of hypodermic inoculation will be the first issue to present itself for consideration. For all of us, however, who approach it from the standpoint of the laboratory, this issue was already res judicata before it was brought into prominence by Dr. Latham. I had satisfied myself long agoand the results of my experiments are embodied in my " Short Treatise on Anti-typhoid Inoculation "-that, though typhoid vaccine may be absorbed by way of the intestinal canal, it is only badly and incompletely absorbed, and above all that its action is uncertain. My friend and successor at the Royal Army Medical College, Sir W. B. Leishman, has carried out far more extensive and more careful experiments in connexion with the same question, and has arrived at the same result. He finds that inoculation by way of the alimentary canal is an extremely uncertain process. I do not think it is necessary to go any further than that, for science never sanctions a more complicated and more uncertain method being employed where a simple and certain one, such as subcutaneous inoculation, is available. And I would submit that the idea that a via media can be found between the antique system of prescriptions, with doses taken t.i.d., before or after meals, and scientific applications of bacteriology, and the idea that that via media can be found in the administration of vaccines by the mouth, ought steadily to be put away from us. The new wine of bacterial vaccines cannot with impunity be poured into the old bottles of ancient medicine.
There is, in conclusion, just one other issue which I should like to put before you for consideration. The problem has been before my mind for a long time, and I understand that it has also suggested itself to others.
Let me introduce it to you by recalling to your mind the mental picture which I dwelt upon at the outset of this discourse. You will remember that I suggested to you that the rationale of vaccine therapy was to be found in the exploitation of the unexercised immunizing capacities of the uninfected tissues. In other words, I suggested that the antibacterial substances which are elaborated in the organism in response to inoculation are elaborated by the tissues into which the vaccine is introduced. Now inasmuch as we may make our inoculation into any part of the subcutaneous tissue, it would, upon the theory that antibacterial substances are produced at the site of inoculation, seem to follow that we ought, by inoculating in a series of different places, to get a summation effect. The idea that such a thing might be opens up whole vistas of therapeutic possibilities.
But at present the achievement of a summation effect from a series of simultaneous inoculations undertaken in different parts of the body belongs, like the achievement of a summation effect from a series of consecutive inoculations undertaken each after the previous one has evoked its immunizing response, to the realm of unrealized possibilities.
There lies before us here a wide and very difficult and unexplored field of work.
"Something lost behind the Ranges. Over yonder.
Go you there." *38
